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(54) CIRCUIT BOARD 

(57)Abstract: 

PURPOSE: To improve the propagating speed of signals in an 
interconnection part and to obtain a circuit board having a high 
heat conductivity. 

CONSTITUTION: The circuit board is provided with an 
insulating layer 3 consisting of a highly heat conductive material 
consisting of at least one kind selected from aluminum nitride, 
boron nitride, boron carbide, diamond-like carbon and diamond, 
interconnection parts 41, 42... 4n-1 buried in the insulating layer 
3, and a dielectric film 5 which is formed around the 
interconnection parts 41, 42... 4n-1 and consists of a low- 
permittivity material of at least one selected from amorphous 
aluminum nitride, amorphous silicon oxide, silicon oxide and 
borosilicate glass. 
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* NOTICES * 

JPO and NCIPI are not 
damages caused by the 



responsible for any 

use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The circuit board characterized by providing the dielectric film which consists of at least one sort 
of low dielectric constant ingredients chosen from the amorphous alumimium nitride formed in the 
perimeter of the insulating layer which consists of at least one sort of highly thermally-conductive materials 
chosen from alumimium nitride, boron nitride, boron carbide, diamond-like carbon, and a diamond, the 
wiring section embedded at said insulating layer, and said wiring section, amorphous oxidation silicon, 
oxidation silicon, and borosilicate glass. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the circuit board in which a semiconductor chip etc. is 

carried. 

[0002] 

[Description of the Prior Art] Improvement in the speed of a computer system and miniaturization 
orientation accelerate more improvement in the speed of the semiconductor chip used for said system, and 
high integration, and, recently, the thing beyond 30W is being used [ a clock frequency ] for 100MHz and 
the power consumption per chip. 

[0003] By the way, the thing of the structure in which the insulating layer which insulates between the 
wiring sections from the former with the dielectric materials which consist of alumimium nitride of high 
temperature conductivity as the circuit board in which said semiconductor chip is carried was formed is 
known. However, although said circuit board could respond to high heat dissipation-ization in a 
semiconductor chip, since its dielectric constant of the dielectric materials which consist of said alumimium 
nitride was comparatively high, it delayed the signal velocity of propagation of the wiring section, and had 
the problem that it could not respond to improvement in the speed. 

[0004] Since it is such, the insulating layer which consists of low dielectric constant ingredients, such as for 
example, oxidation silicon, is formed in a thin film process on the base material which consists of a highly 
thermally-conductive material, and the circuit board of the structure which embedded the wiring section 
between said insulating layers is proposed. However, since the insulating layer which consists of low 
dielectric constant ingredients, such as thermally conductive low oxidation silicon, intervened between the 
base materials which consist of said semiconductor chip and said highly thermally-conductive material 
when a semiconductor chip is carried in said circuit board, heat dissipation nature was inadequate and only 
improvement in the signal velocity of propagation of said wiring section was able to be attained. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional circuit board, it is 

difficult to raise simultaneously signal velocity of propagation and heat dissipation nature corresponding to 

improvement in the speed of a semiconductor chip etc., and high integration, and development of the circuit 

board which has high-speed operation nature and high heat dissipation nature was demanded. 

[0006] This invention tends to offer the circuit board which has high temperature conductivity while raising 

the signal velocity of propagation of the wiring section responding to said want. 

[0007] 

[Means for Solving the Problem] The circuit board concerning this invention is characterized by providing 
the dielectric film which consists of at least one sort of low dielectric constant ingredients chosen from 
amorphous alumimium nitride [ which was formed in the perimeter of the insulating layer which consists of 
at least one sort of highly thermally-conductive materials chosen from alumimium nitride, boron nitride, 
boron carbide, and diamond-like carbon, the wiring section embedded at said insulating layer, and said 
wiring section ], amorphous silicon nitride, and oxidation silicon, and borosilicate glass. 
[0008] Next, the sectional view which expanded drawing 1 and its part for the sectional view of the circuit 
board concerning this invention is shown in drawing 2 , and it explains below at a detail. 
[0009] The circuit board 1 is equipped with the base material 2 which consists of at least one sort of highly 
thermally-conductive materials chosen from alumimium nitride, boron nitride, boron carbide, diamond-like 
carbon, and a diamond. Two or more laminatings of the insulating layer 3 which consists of said highly 
thermally-conductive material are carried out on said base material 2. The internal wiring layer 41 used as 
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the wiring section, and 42 — 4n-l and 4n Two or more layers are usually formed in said insulating layer 3. 
The dielectric film 5 which consists of at least one sort of low dielectric constant ingredients chosen from 
amorphous alumimium nitride and amorphous oxidation silicon, oxidation silicon, and borosilicate glass is 
said internal wiring layer 41 and 42. 4n-l and 4n It is formed in the perimeter. The surface wiring layer 6 
is formed through the dielectric film 7 which consists of said low dielectric constant ingredient on said 
insulating layer 3. SURUHORU 8 is said internal wiring layers 41 and 42. — 4n-l and 4n And it is formed in 
order to connect between desired wiring layers among said surface wiring layers 6. In addition, a part is 
removed, said insulating-layer 3 front face is exposed, and, as for said dielectric film 7 on said insulating 
layer 3, a semiconductor chip 9 is carried in such an exposed surface. 

[0010] Said internal wiring layer 41 and 42 — 4n-l and 4n Inside tl of the thickness of said insulating layer 
3 located in between, and 1, i.e., drawing 2 , It is desirable to make it the range of 0.5-1 5 micrometers for the 
following reasons. That is, when thickness (tl) of said insulating layer 3 is set to less than 0.5 micrometers, 
it is said internal wiring layer 41 and 42. — 4n-l and 4n It becomes difficult to separate between electrically 
enough. On the other hand, when the thickness (tl) of said insulating layer 3 exceeds 15 micrometers, there 
is a possibility of exfoliating from a substrate (for example, said base material 1) with the internal stress. 
The thickness (tl) of said more desirable insulating layer 3 is 0.9-10 micrometers. 
[001 1] Said internal wiring layer 41 and 42 — 4n-l and 4n t2 in the thickness of said dielectric film 5 to 
surround, i.e., drawing 2 , It is desirable to make it the range of 0.4-15 micrometers for the following 
reasons. That is, when thickness (t2) of said dielectric film 5 is set to less than 0.4 micrometers, it is said 
internal wiring layer 41 and 42. — 4n-l and 4n Covering certainly becomes difficult and it becomes difficult 
to raise signal velocity of propagation. On the other hand, when the thickness (t2) of said dielectric film 5 
exceeds 1 5 micrometers, there is a possibility of the internal stress of said dielectric film 5 becoming large, 
and exfoliating from said insulating layer 3. 

[0012] Said internal wiring layer 41 and 42 — 4n-l and 4n And the thing of multilayer structure, such as 
aluminum, and Ti/Cu or Ti/nickel/Au, etc. can be used for the surface wiring layer 6. 
[0013] Although it is desirable to form through the dielectric film 7 which consists of a low dielectric 
constant ingredient on said insulating layer 3 as for said surface wiring layer 6, when the leading-about die 
length of said surface wiring layer 6 is short, it may be directly formed on said insulating layer 3 which 
consists of said highly thermally-conductive material. 

[0014] In addition, it is the internal wiring layer 41 SURUHORU 8 does not need to be surrounded with a 
dielectric film 7, and is [ wiring layer ] the wiring section especially when the die length of SURUHORU 8 
is short although SURUHORU 8 is surrounded with the dielectric film 7 which consists of a low dielectric 
constant ingredient in the circuit board shown by drawing 1 , and 42. — 4n-l and 4n A dielectric film 7 can 
be formed only in a perimeter. 

[0015] Furthermore, the wiring layer by which the circuit board concerning this invention is embedded into 
an insulating layer 3 may be a monolayer. 

[0016] Next, the manufacture approach of the circuit board concerning this invention is explained to a detail 
with reference to drawing 3 - drawing 6 . 

[0017] First, the insulating layer 12 which consists of highly thermally-conductive material same on the base 
material 1 1 which consists of a highly thermally-conductive material mentioned above as shown in drawing 
3 (A) is deposited by the thin film forming methods, such as a spatter, a CVD method, the ion plating 
method, and the cluster ion beam method. In addition, in advance of formation of said insulating layer 12, 
said base material 1 1 front face may be defecated by the wet cleaning method, a reverse spatter, etc. It 
continues, and the low dielectric constant ingredient mentioned above by said thin film forming method 
after forming two or more slots 1 3 which have desired width of face and the depth by the almost same die 
length as the internal wiring layer which should remove said insulating layer 1 2 selectively with a photo 
etching technique, and should form it, as shown in drawing 3 (B) is deposited, and a dielectric 14 is 
embedded in said slot 13 by removing the dielectric film on said insulating layer 12 further. The dielectric 
film 15 of a cross-section concave which has the same die length as the internal wiring layer which should 
be formed as it pulls, and it continues, a photo etching technique removes said dielectric film 1 selectively 
and it is shown in drawing 3 (C), width of face, and the depth is formed. 

[0018] Subsequently, it is the internal wiring layer 161 of the 1st layer in each dielectric film 15 of said 
cross-section concave by depositing wiring materials, such as aluminum, on the whole surface by said thin 
film forming method, and removing the wiring material film of said insulating-layer 12 front face. It 
embeds. By depositing the low dielectric constant ingredient continued and mentioned above by said thin 
film forming method, and carrying out patterning, as shown in drawin g 4 (D), it is said internal wiring layer 
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161 of the 1st layer. It reaches, a dielectric film 17 is formed on a dielectric film 15, and it is said internal 
wiring layer 161. A perimeter is covered with the dielectric film 15 and said dielectric film 17 of said cross- 
section concave. It pulls, and it continues and the insulating layer 1 8 which consists of a highly thermally- 
conductive material mentioned above on the whole surface as shown in drawing 4 (E) is deposited by said 
thin film forming method. Furthermore, as shown in drawing 4 (F), it is said internal wiring layer 161 of the 
1st layer. After forming two or more slots 19 which remove selectively said insulating layer 1 8 of the upper 
predetermined location with a photo etching technique, and even said dielectric film 1 7 attains, the low 
dielectric constant ingredient mentioned above in said slot 1 9 is deposited by said thin film forming method, 
and a dielectric 20 is embedded by removing the dielectric film on said insulating layer 18 in said slot 19. 
[0019] Subsequently, as shown in drawing 5 (G), a photo etching technique removes a dielectric 20 
selectively in said slot 19, and it is said internal wiring layer 161 . After carrying out opening of the hole 
which reaches to a top face, a wiring material is deposited by said thin film forming method, and 
SURUHORU 22 with which it was embedded in the aforementioned hole and the perimeter was covered 
with the dielectric film 21 is formed by removing the conductor-material film on said insulating layer 1 8. It 
continues, as shown in drawing 5 (H), the insulating layer 23 which consists of a highly thermally- 
conductive material mentioned above on the whole surface is deposited by said thin film forming method, a 
photo etching technique removes said insulating layer 22 selectively, and after forming two or more slots 24 
which have desired width of face and the depth by the almost same die length as the internal wiring layer 
which should be attained and formed up to said insulating-layer 18 front face, a dielectric 25 is embedded by 
the approach same with having mentioned above in said slot 24. It pulls, and as shown in drawing 5 (I), the 
dielectric film 26 of a cross-section concave which has the same die length as the internal wiring layer 
which should remove selectively said dielectric 25 in said slot 24 with a photo etching technique, and should 
form it, width of face, and the depth is formed, it continues and said dielectric 25 with which said 
SURUHORU 22 exists further carries out opening of the ** length-like hole which etches using another 
mask and reaches said SURUHORU 22. Then, it is the internal wiring layer 162 of the 2nd layer by carrying 
out the volume of the wiring material into the aforementioned hole formed on the dielectric film 26 of said 
cross-section concave, and said Sai chief SURUHORU 22. It embeds. 

[0020] Subsequently, as shown in drawing 6 (J), it is said internal wiring layer 162 of the 2nd layer. After 
forming by the technique of having mentioned above the dielectric film 28 which consists of a low dielectric 
constant ingredient mentioned above upwards, the insulating layer 29 which consists of a highly thermally- 
conductive material mentioned above on the whole surface is deposited by said thin film forming method. It 
is said internal wiring layer 162 of the 2nd layer by drawing 4 (F) continued and mentioned above and the 
same approach as the process of drawing 5 (G). Two or more slots 30 which remove selectively said 
insulating layer 29 located on an internal wiring layer predetermined [ inner ] with a photo etching 
technique, and even said dielectric film 28 attains are formed. A dielectric is embedded in said slot 30, a 
photo etching technique removes said dielectric selectively, and it is said internal wiring layer 162 of the 
2nd layer. After carrying out opening of the hole which reaches to a top face, SURUHORU 32 with which 
the perimeter was covered with the dielectric film 3 1 is formed by embedding a wiring material in the 
aforementioned hole ( drawing 6 (K) graphic display). 

[0021] Subsequently, the circuit board of the structure shown in drawing 1 which repeated the process of 
drawing 5 (H) mentioned above, drawing 5 (I), drawing 6 (J), and drawin g 6 (K), and was already explained 
is manufactured. However, formation of SURUHORU for connecting with the internal wiring layer of the 
maximum upper layer is faced formation and said front wiring of a surface wiring layer. The dielectric film 
which consists of a low dielectric constant ingredient is deposited on the insulating layer of the maximum 
upper layer. Slot formation, Perform embedding into the embedding of a dielectric, opening of a hole, and 
the aforementioned hole of conductor material, and a through hole is formed. After forming a surface wiring 
layer on said dielectric film furthermore, the insulating layer which removes selectively said dielectric film 
which becomes the loading field of a semiconductor chip, and consists of a highly thermally-conductive 
material under said dielectric film is exposed. 
[0022] 

[Function] The circuit board concerning this invention has structure possessing the dielectric film which 
consists of at least one sort of low dielectric constant ingredients chosen from the amorphous alumimium 
nitride formed in the perimeter of the insulating layer which consists of at least one sort of highly thermally- 
conductive materials chosen from alumimium nitride, boron nitride, boron carbide, diamond-like carbon, 
and a diamond as shown in drawing 1 mentioned above, the wiring section embedded at said insulating 
layer, and said wiring section, amorphous oxidation silicon, oxidation silicon, and borosilicate glass. For this 
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reason, when semiconductor chips, such as LSI, are carried in the front face of said circuit board, the heat 
generated from said semiconductor chip can be emitted good by the insulating layer which consists of said 
highly thermally-conductive material. Moreover, since the perimeter of said wiring section is covered with 
the dielectric film which consists of said low dielectric constant ingredient, it can raise the signal velocity of 
propagation of said wiring section. Therefore, the circuit board which combines high-speed operation nature 
and high heat dissipation nature can be offered. 

[0023] Moreover, as mentioned above, it becomes possible to use the dielectric film which consists of an 
insulating layer which consists of said highly thermally-conductive material by manufacturing the circuit 
board concerning this invention according to a thin film process, and a low dielectric constant ingredient as 
a configuration member of the circuit board, and it controls that the wiring material further used for the 
wiring section is spread in said insulating layer and said dielectric film, and the wiring section of low 
resistance can be realized. 

[0024] That is, according to the conventional ceramic sintering process, when the sintering temperature of 
the dielectric film which consists of an insulating layer which consists of said highly thermally-conductive 
material, and said low dielectric constant ingredient differs, it is difficult to make these live together in the 
same circuit board. For example, when alumimium nitride (A1N) is used as an insulating layer and 
borosilicate glass is used as a dielectric film, respectively, in the conventional ceramic sintering process, 
sintering temperature differs from 1700-1900 degrees C and 400-900 degrees C greatly, respectively. For 
this reason, it is impossible to form by turns the dielectric film which consists of for example, an insulating 
layer which consists of an A1N sintered compact, and a borosilicate glass ceramic. Moreover, when forming 
the wiring section of the circuit board with a thick-film technique, in order to raise adhesion reinforcement 
with an insulating layer, various kinds of additives including an inorganic substance are usually blended 
with a wiring material. For this reason, the resistivity of the wiring section formed in said circuit board 
becomes high compared with what consists of a pure metal. 

[0025] On the other hand, since the thin film process mentioned above can form the dielectric film which 
consists of an insulating layer which consists of said highly thermally-conductive material at low 
temperature compared with said ceramic sintering process, and said low dielectric constant ingredient, it can 
manufacture the circuit board of this invention which has the high-speed operation nature and high heat 
dissipation nature of a signal. And the degree of freedom of the combination of the ingredient of said 
insulating layer and a dielectric film is also raised. Furthermore, since process temperature can be made into 
low temperature (for example, 480 degrees C or less) while purity can use 99.99% or more of metal as a 
wiring material, it controls that the wiring material used for the wiring section is spread in said insulating 
layer and said dielectric film, and the wiring section of low resistance can be realized. 
[0026] 

[Example] Hereafter, the example of this invention is explained to a detail. 

[0027] In the process which manufactures the circuit board shown in drawing 3 mentioned above example 
1-7 - drawing 6 , it formed on the conditions which show an insulating layer in the following table 1 , and the 
line manufactured the circuit board shown in drawing 1 mentioned above by the conditions which show a 
dielectric film in the following table 2 on the conditions which show etching at the time of patterning of said 
insulating layer and a dielectric film in the following table 3, respectively. However, the base material used 
the same highly thermally-conductive material as said insulating layer, respectively. Moreover, the wiring 
material used for an internal wiring layer and a surface wiring layer and its thickness were written together 
to the following table 3. 
[0028] 
[A table 1] 
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The apparent signal delay of the hit by the unit length in an insulating layer, and the adhesion reinforcement 
of a dielectric film, the dielectric constant of the perimeter of an internal wiring layer and an internal wiring 
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layer and the thermal conductivity of an insulating layer were measured about the circuit board of the 
acquired examples 1-7. The result is shown in the following table 4. In addition, said adhesion 
reinforcement puts said each circuit board to two atmospheric pressures and a 121 -degree C ambient 
atmosphere, makes 1 cycle actuation cooled to a room temperature, and measures the condition after 1 000 
cycles. 
0031] 





@ & m co pt m 


(MP a) 


CO 




(W/ffl-K ) 


i 


20 


6 


81. 6 


150 


2 


21 


6 


81. 6 


200 


3 


23 


3. 8 


64. 9 


110 


4 


25 


2. 8 


5 5. 7 


150 


5 


20 


1. 5 


4 0. 8 


2500 


6 


20 


3 


57. 8 


30 00 


7 


21 


4 


66. 6 


300 



It turns out that the circuit board of this examples 1-7 has thermal conductivity with early still higher signal 
velocity of propagation highly [ adhesion reinforcement ] so that clearly from said table 4. Therefore, when 
a semiconductor chip was carried like drawing 1 mentioned above in the circuit board of this examples 1-7, 
while being able to radiate the heat from a semiconductor chip good, since the signal velocity of propagation 
of an internal wiring layer was raised, it was possible to have carried out high-speed operation of said 
semiconductor chip. 

[0032] Except having not formed a dielectric film in the interior wiring layer of the example of a 
comparison, and the perimeter of SURUHORU, the same circuit board as an example 1 was manufactured, 
and each property was measured. Consequently, it was checked that its apparent signal delay is as large as 
99.9 picoseconds / cm since [ although the heat transfer rate of an insulating layer was good, ] its dielectric 
constant in the insulating layer of the perimeter of an internal wiring layer is as large as 9.0, 150 W/m-K 
and, and the response to improvement in the speed is difficult for it. 
[0033] 

[Effect of the Invention] As explained in full detail above, while raising the signal velocity of propagation of 
the wiring section according to this invention, it has high temperature conductivity and the circuit board 
which combines high-speed operation nature and high heat dissipation nature can be offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 6] 
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